Three actinomycetes strains, designated JBL-5, T , were isolated from bamboo (Sasa borealis) litter in The predominant menaquinones were MK-9 (H 4 ) and MK-9 (H 6 ). The cell wall contained LL-diaminopimelic acid and the whole-cell sugars were arabinose and xylose. The major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositolmannoside, two unidentified aminolipids, three unidentified aminophospholipids, one unidentified glycolipid and one unidentified lipid. The major cellular fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 14 : 0 , C 18 : 1 !7c and iso- The genus Streptomyces was originally proposed by Waksman and Henrici [1] and, at the time of writing, this genus comprises 826 species with validly published names (www.bacterio.net/streptomyces.html). Species of the genus Streptomyces are Gram-stain-positive, aerobic, non-motile and most of them are able to form an extensively branched substrate mycelium and aerial hyphae that typically differentiate into chains of spores. The genus Streptomyces has been isolated from a variety of environments, such as lake, marine, soil, water, moss, rhizosphere, animal and plant (the latter includes stems, roots and leaves). To date, more than 20 novel species have been found by polyphasic taxonomic approaches (< 98.5 % gene sequence similarities) and there is published data on eight novel species [2] [3] [4] [5] [6] [7] . During our investigations of the diversity of actinobacteria from bamboo (Phyllostachys bambusoides, Phyllostachys nigro var. henonis, Phyllostachys nigra f. punctata and Sasa borealis) forest soils in the Republic of Korea, we isolated three novel strains, JBL-5, JBL-14 and JBL-20 T , from bamboo (Sasa borealis) litter. The objective of this study is to determine the taxonomic positions of strains JBL-5, JBL-14 and JBL-20 T by taking a polyphasic taxonomic approach and we propose it as a new species of the genus Streptomyces.
The genus Streptomyces was originally proposed by Waksman and Henrici [1] and, at the time of writing, this genus comprises 826 species with validly published names (www.bacterio.net/streptomyces.html). Species of the genus Streptomyces are Gram-stain-positive, aerobic, non-motile and most of them are able to form an extensively branched substrate mycelium and aerial hyphae that typically differentiate into chains of spores. The genus Streptomyces has been isolated from a variety of environments, such as lake, marine, soil, water, moss, rhizosphere, animal and plant (the latter includes stems, roots and leaves). To date, more than 20 novel species have been found by polyphasic taxonomic approaches (< 98.5 % gene sequence similarities) and there is published data on eight novel species [2] [3] [4] [5] [6] [7] . During our investigations of the diversity of actinobacteria from bamboo (Phyllostachys bambusoides, Phyllostachys nigro var. henonis, Phyllostachys nigra f. punctata and Sasa borealis) forest soils in the Republic of Korea, we isolated three novel strains, JBL-5, JBL-14 and JBL -20 T , from bamboo (Sasa borealis) litter. The objective of this study is to determine the taxonomic positions of strains JBL-5, JBL-14 and JBL-20 T by taking a polyphasic taxonomic approach and we propose it as a new species of the genus Streptomyces.
Three strains, JBL-5, JBL-14 and JBL-20 T , were isolated from bamboo litter. The litter sample (1 g) was dispersed using a sonic oscillator (Sonics Vibra-Cell VCX750) for 40 s at 30 W in 9 ml sterilized water. The strains were isolated using the dilution plate method and grown on Bennett's agar [8] supplemented with cycloheximide (50 µg ml
À1
) and nalidixic acid (20 µg ml
) at pH 5.5. After incubation at 28 C for 2 weeks, colonies were picked and purified on the same medium. The isolated strains were stored at À86 C as a suspension of mycelia and spores in the presence of 20 % (v/v) glycerol solution. T and closely related type strains were determined as recommended by Shirling and Gottlieb [9] and Williams et al. [10] . Gram staining was performed by the Hucker method [11] . Nitrate reduction was determined for cultures grown in nitrate broth [12] . Growth at various temperatures, pH and NaCl concentrations was examined according to the method of Lee et al. [2] , using Bennett's agar and Bennett's broth. The substrate utilization profile was tested in basal medium [9] ; each sterile substrate was added to the medium aseptically to give a concentration of approximately 1 %.
Strains JBL-5, JBL-14 and JBL-20
T showed morphological and cultural properties consistent with members of the genus Streptomyces. The aerial mycelium was observed to produce straight to spiral chains of cylindrical and smooth surface spores which were non-motile on inorganic saltsstarch agar (Fig. 1) . The cultural characteristics of the isolates are shown in Table S1 (available in the online version of this article). The three isolates grew well on all test media. It produced white to dark grey aerial mycelia on ISP 2, ISP 3, ISP 4 and ISP 5. Aerial mycelia were absent on ISP 6 and ISP 7 media. The substrate mycelia appeared ivory to black. A light brown pigment was observed on ISP 3. Melanin production were not observed on ISP 6 and ISP 7 medium (Table S1 ). Strains JBL-5 and JBL-14 were found to grow within a temperature range of 4-37 C, pH range of 4.0-10.0 and tolerate up to 5 % (w/v) NaCl. Strain JBL-20
T was able to grow at 4-30 C, at pH 4.0-10.0 and in the presence of 0-3 % (w/v) NaCl, with no growth observed in the presence of 4 % NaCl. Optimal growth was observed at 28 C, and pH 7.0-8.0. Other phenotypic characteristics are presented in the species description and in Table 1 .
The 16S rRNA gene sequencing of strains JBL-5, JBL14 and JBL-20 T was performed as described by Lee et al. [2] . The phylogenetic neighbours were identified and pairwise 16S rRNA gene sequence similarities were calculated using the EzBioCloud (http://old.ezbiocloud.net/; [13] ). The 16S rRNA gene sequence of strains JBL-5, JBL-14 and JBL-20 T were aligned with the published sequences of closely related bacteria using CLUSTAL_W 2.1 software [14] . Phylogenetic trees were reconstructed by the neighbour-joining [15] , maximum-likelihood [16] and maximum-parsimony [17] algorithms within the MEGA 5 software package [18] . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of Kimura's twoparameter model [19] . To evaluate the stability of the phylogenetic tree, bootstrap analysis (1000 replications) was performed [20] .
The almost-complete 16S rRNA gene sequences of strains JBL-5, JBL14 and JBL-20
T (1455-1461 nt) were determined. Comparative 16S rRNA gene sequence analysis showed that the three strains were phylogenetically related to members of the genus Streptomyces (Fig. 2) T form a distinct clade that is different from other closely related species of the genus Streptomyces. The topologies of the phylogenetic tree reconstructed using the maximumlikelihood and maximum-parsimony algorithm are shown in Figs S1 and S2.
To determine genomic relatedness, DNA-DNA hybridization was performed using the method of Ezaki et al. [21] . Probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche) and the level of DNA-DNA relatedness was quantified by using a densitometer 
the 70 % cut-off point recommended for the assignment of organisms to the same species as a genotypic parameter to delineate species [22] . According to accepted criteria for describing novel species, strains JBL-5, JBL-14 and JBL-20 T belong to the same species, but represent a novel species of the genus Streptomyces.
Cellular fatty acids were extracted from cells grown on tryptic soy broth (Difco) for 5 days at 28 C. Cells were obtained at the late-exponential growth phase for reference strains and by GC (6890 N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; MIDI database TSBA 40, [23] ). For chemotaxonomic analysis, freeze-dried cells were obtained from a culture grown in Bennett's broth on a shaking incubator at 120 r.p.m. and 28 C for 10 days. Identification of the isomer of diaminopimelic acid in the cell wall and analysis of whole-cell sugars were performed as described by Lechevalier and Lechevalier [24, 25] , and Staneck and Roberts [26] , respectively. Polar lipids were extracted and detected according to the method of Minnikin et al. [27] . The total lipids were separated on silica-gel plates by twodimensional thin-layer chromatography with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction.
To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution, Dragendorff's reagent and a-naphthol reagent were used for all lipids, phospholipids, aminolipids, choline lipids and glycolipids, respectively. Menaquinones were extracted as described by Collins [28] and separated by high-performance liquid chromatography (HPLC). The G+C content of the genomic DNA was determined by the HPLC method according to Mesbah et al. [29] .
Major cellular fatty acids of all three strains were iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 14 : 0 , C 18 : 1 !7c and iso-C 16 : 0 . The fatty acid compositions of strains JBL-5, JBL-14 and JBL-20 T were similar to those of related Streptomyces species but there were minor differences in the proportions of the various fatty acids. The detailed fatty acid compositions of the four strains are shown in Table S2 . The cell-wall peptidoglycan contained LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contained predominantly arabinose and xylose. The polar lipid pattern of strain JBL-20 T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositolmannoside, two unidentified aminolipids, three unidentified aminophospholipids, one unidentified glycolipid and one unidentified lipid (Fig. S3) . The predominant menaquinones of the three strains were MK-9 (H 4 ) (73-78 %) and MK-9 (H 6 ) 
Carbon utilization: Streptomyces. However, the three isolates could be distinguished from each other and from recognized Streptomyces species by a range of phenotypic and chemotaxonomic differences (Tables 1 and S2 ). On the basis of the results of the phylogenetic analysis, the DNA-DNA hybridization data and the phenotypic and chemotaxonomic properties presented above, we propose that strains JBL-5, JBL-14 and JBL-20 T represent a novel species, for which the name Streptomyces fuscigenes sp. nov. is proposed.
DESCRIPTION OF STREPTOMYCES FUSCIGENES SP. NOV.
Streptomyces fuscigenes (fus.ci¢ge.nes. L. adj. fuscus dark-coloured, brown; Gr. n. gennaio to produce; N.L. part. adj. fuscigenes brown pigment-producing).
Aerobic, Gram-stain-positive, non-motile actinobacterium that forms extensively branched substrate mycelium and aerial hyphae that differentiate into spiral of cylindrical or smooth surfaced spores. Growth occurs at 4-30 C (optimum, 28 C). The pH range for growth is pH 4.0-10.0 (optimum, pH 7.0-8.0). Growth occurs with 0-3 % (w/v) NaCl. No growth occurs at pH 11.0, at 4-7 % NaCl (w/v), and at temperatures of 35, 37 and 45 C. Good growth occurs on all tested ISP media (ISP 2-7) and Bennett's agar at 28 C. Soluble pigments are formed on oatmeal agar (ISP medium 3) T among closely related members of Streptomyces. The tree was reconstructed by using the neighbour-joining method [15] . Numbers at the branch nodes are bootstrap values (> 50 %), expressed as a percentage of 1000 replicates. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-parsimony and maximum-likelihood algorithms. Bar, 0.005 substitutions per nucleotide position.
